Abstract The success of invasive aridland plants may depend on their utilization of precipitation not fully exploited by native species, which could lead to seasonally altered ecosystem carbon and water fluxes. We measured volumetric soil water across 25-cm profiles (h 25cm ) and springtime whole-plant water-and carbon-fluxes of the exotic Lehmann lovegrass (Eragrostis lehmanniana) and a native bunchgrass, bush muhly (Muhlenbergia porteri), following typical (55 mm in 2009) and El Niño-enhanced accumulations (154 mm in 2010) in a SE Arizona savanna. Across both years, h 25cm was higher under lovegrass plots, with similar evapotranspiration (ET) between lovegrass and bush muhly plots. However, in 2010 transpiration (T) was higher in bush muhly than lovegrass, implying higher soil evaporation in lovegrass plots maintained similar ET. Net ecosystem carbon dioxide exchange (NEE) was similar between lovegrass and bush muhly plots in 2009, but was more negative in bush muhly plots following El Niño, indicating greater CO 2 assimilation. Ecosystem respiration (R eco ) and gross ecosystem photosynthesis (GEP) were similar between lovegrass and bush muhly plots in 2009, but were higher in bush muhly plots in 2010. As a result, lovegrass plots reduced ecosystem water-use efficiency (WUE e = NEE/ET), while bush muhly WUE e remained constant between 2009 and 2010. Concurrent whole-plant WUE (WUE p = GEP/T) did not change in lovegrass plots, but increased in bush muhly plots between these years. We concluded that cool-season precipitation use is not a component of Lehmann lovegrass invasive success, but that the change in ET partitioning and attendant shifts in cool-season WUE e may increase interannual variation in ecosystem water-and carbon-exchange dynamics in the water-limited systems it dominates.
Introduction
The seasonal distribution and interannual variation in precipitation is an important determinant of plant community and ecosystem dynamics in aridland systems (Neilson 1987) . Across the arid and semiarid southwest United States, El Niño/Southern Oscillation (ENSO) events markedly increase the amount of coolseason precipitation (Sheppard et al. 2002) . The long duration and large areal extent of these low-intensity storms are critical to seasonal recharge of deeper soil moisture and ground water (Neilson 1987; Scott et al. 2000; Seyfried et al. 2005) . Cool-season precipitation has differential effects to ecosystem function; evergreen and cool-season active shrubs readily use coolseason precipitation, while cold temperatures can limit periods warm-season grasses can exploit this precipitation (Muldavin et al. 2008) . ENSO-enhanced precipitation can favor spread of invasive grasses into shrub-dominated systems (Huxman and Smith 2001; DeFalco et al. 2007) , as well as facilitate woody plant encroachment into grass-dominated systems (Holmgren et al. 2006; Marshall et al. 2008) .
Such dramatic changes in vegetative structure can alter the partitioning and regulation of ecosystem water-and carbon-fluxes in arid and semiarid systems (Huenneke et al. 2002; Huxman et al. 2005; Seyfried et al. 2005; Jenerette et al. 2008) . In contrast, the ecosystem-level consequences of replacement of native semiarid perennial grasses by exotic perennial grasses are not as well studied as grass/shrub (e.g., cheat grass and sage brush; Prater and DeLucia 2006) and shrub/grass replacements (e.g., mesquite expansion into semi-desert grassland; Huxman et al. 2005) . This is surprising, given that there is good early work showing invasive bunchgrasses have growth patterns that facilitate higher water extraction to sustain higher whole-plant carbon uptake and growth, which could potentially alter ecosystem water-and carbon-fluxes (Caldwell et al. 1981 (Caldwell et al. , 1983 Anderson et al. 1987; Anderson and Toft 1993) . An exception to this is the expansion of the South African bunchgrasses across southwest US desert grasslands. These grasses possess ecophysiological and growth characteristics (e.g., high leaf-level gas exchange and rapid biomass accumulation rates) that have the potential to transform ecosystem carbon and water fluxes (Williams and Baruch 2000) . One of these grasses, Lehmann's lovegrass (Eragrostis lehmanniana), presents a serious ecological disturbance that dramatically reduces floral and faunal diversity of the areas it dominates (Bock et al. 1986; Anable et al. 1992; Flanders et al. 2006) . Experimental summer monsoon-season rainfall pulse studies show Lehmann's lovegrass plots have lower net ecosystem carbon exchange (NEE) integrated over post-rainfall periods, due to higher ecosystem respiratory fluxes (Huxman et al. 2004; Potts et al. 2006) , and higher soil evaporative contributions to evapotranspiration (ET) compared to other native warm-season grasses (Yepez et al. 2005; Moran et al. 2009) . These ecosystem-level results need to be reconciled to those showing 2-49 higher net annual primary productivity associated with Lehmann lovegrass invasive success (Cox et al. 1990; Cox and Ruyle 1996; McClaran 2003) and higher cool-season ET in lovegrass-dominated stands, conjectured to stem from higher plant transpiration (T) from cool-season leaf cohorts (Frasier and Cox 1994) . Some have suggested that effective use of cool-season precipitation is an important component to higher productivity that facilitates the invasive success of this grass (Anable et al. 1992; Frasier and Cox 1994) , though some studies suggest otherwise (Cox et al. 1990 ). Additionally, several native semiarid C 4 grasses also retain cool-season green tissue, and may have photosynthetic characteristics that could facilitate cool-season activity (Miller and Donart 1981; Fernandez and Reynolds 2000; Taub 2000) .
Here, we present a study comparing whole-plant gas exchange of Lehmann lovegrass and a native grass, bush muhly (Muhlenbergia porteri) over two consecutive spring-time periods, the first following normal cool-season rainfall, and the second following ENSO conditions. The purpose of this study was twofold; first, we wished to ascertain if Lehmann lovegrass had consistently greater cool-season activity compared to a native species. Second, we ascertained how responses of these two species to ENSO conditions may alter ecosystem function. Both bunchgrasses are drought tolerant, warm-season grasses that can initiate cool-season leaf cohorts (Miller and Donart 1981; Frasier and Cox 1994) , and therefore present a valid comparison for determining if the exotic lovegrass is better able to use cool-season precipitation than a native grass. In order to quantify the effects of lovegrass dominance on ecosystem carbon-and waterfluxes, we measured whole-plant NEE and ET, and ecosystem respiration (R eco ) to determine gross ecosystem photosynthesis (GEP = -1 * (NEE -R eco )), and bare soil evaporation (E) to estimate whole-plant T (T = ET -E) on plots dominated by one or two individuals of Lehmann's lovegrass and bush muhly. If Lehmann's lovegrass does more effectively use cool-season rains, we could expect it to have higher springtime GEP and greater T contributions to ET than bush muhly, potentially altering the trade off between ecosystem carbon uptake and water loss (water-use efficiency; WUE e = GEP/ET), an important component of ecosystem resilience to climate variation (Monson et al. 2010 ).
Materials and methods

Site description
Field work was conducted at the USDA-ARS Santa Rita mesquite savanna site (31.821°N, 110.866°W, elevation: 1116 m ASL) on the Santa Rita Experimental Range (SRER), 45-km south of Tucson, Arizona. The site is representative of desert grassland conversion to savanna following a century of velvet mesquite (Prosopis velutina) expansion across SRER (McClaran 2003) . The site has a mesquite overstory (ca. 35 % cover), with a ground-layer dominated by native C 4 grasses and Lehmann lovegrass, with scattered sub-shrubs of burroweed (Isocoma tenuisecta), prickly pear (Opuntia engelmannnii), and barrel cactus (Ferocactus wislizeni). Soils are Combate series; well-drained coarse-loamy, mixed, non-acid Ustic Torrifluvents (Breckenfeld and Robinett 2003 , measured at SRER rain-gauge #45, located 0.5-km ESE from the site. We used monthly January 1937 to April 2010 data from this gauge to calculate standardized precipitation index (SPI) for 1-, 2-, 3-, 4-, and 5-month intervals from December 1 to April 30, the period associated most of the regional winter precipitation (Sheppard et al. 2002) . SPI allows comparison to systems with different precipitation regimes; for any given time period, SPI of -0.99 to ?0.99 indicates near-normal rainfall, ?1.0 to 1.49 and -1.0 to -1.49 moderately wet and dry conditions, ?1.5 to ?1.99 and -1.5 to -1.99 very wet and severely dry conditions, and values exceeding ?2.0 and -2.0 extremely wet or dry conditions (McKee et al. 1993) .
Minimum and maximum air temperature (T min and T max ) were measured with a shaded, aspirated Vaisala HMP35D temperature/humidity probe (Vaisala, Helsinki, Finland) 3 m above the soil surface, and individual rainfall totals were measured with a tipping bucket rain-gauge, with data recorded on a CR-10X data-logger (Campbell Scientific, Logan, Utah) at an eddy-covariance tower located 40-m NW of the study site. Volumetric soil moisture of 25-cm soil profiles (h 25cm ) was measured continuously with a Campbell TDR-100 time domain reflectometer (TDR) system controlled by a data-logger (Campbell Scientific, Logan Utah). TDR waveguides were deployed 24-27 May, 2008; probes were inserted at 60°-70°f rom horizontal into soil underneath a single grass bunch within four individual 0.75 9 0.75 m 2 plots containing 1-2 individual Lehmann lovegrass or bush muhly plants, and in four bare soil plots. All plots were within a ca. 16 9 12 m (176 m 2 ) fenced, level area located on the same geomorphic surface to ensure soil homogeneity, and separated by at least 3 m to insure spatial independence; plot-size matched that of the whole-plant gas-exchange chamber base (described below). Waveforms were generated every 30 min, converted to h data (cm 3 cm -3 ). Annual plants were removed regularly to insure clear grass or bare soil signals.
Ecosystem and whole-plant gas exchange Following initiation of leaf growth in both species in the early spring, ecosystem CO 2 -and H 2 O-fluxes were measured on the monitored lovegrass, bush muhly, and bare soil plots ca. every 2 weeks using protocols similar to Huxman et al. (2004) and Potts et al. (2006) . Mid-morning flux measurements (10:00-13:00 MST) were made from February 3 to April 10, 2009 (normal year) and from February 24 to May 24, 2010 following strong ENSO conditions (El Niño year). These sampling periods encompass spring periods typically associated with aridland plant activity following winter rains (Neilson 1987; Smith et al. 1997) . Carbon-and water-vapor fluxes were estimated by measuring changes in CO 2 and H 2 O concentration with a Li7500 open-path IRGA (LiCOR Instruments, Lincoln, Nebraska) following enclosure of the plot with a 0.75 9 0.75 9 0.75 m (0.422 m 3 ) chamber of tightly sewn polyethylene held taut in a PVC pipe tent frame (Shelter Systems, Santa Cruz, CA). Chamber material allowed 92 % of photosynthetically active radiation to pass into the plots, while allowing infrared (IR) radiation to escape (Potts et al. 2006) . A fan ensured atmospheric mixing after enclosure and sealing the chamber base with a chain. Chamber air was mixed for 30 s prior to a 90-s flux measurement. The chamber was then removed, aerated for ca. 1 min, re-placed over the plot, sealed, and shaded with a blanket to repeat measurements in the dark. Ambientlight fluxes allowed estimation of NEE and ET; measurements in the dark gave ecosystem respiration (R eco ) needed to estimate GEP (GEP = -1 * (NEE -R eco )). Bare soil measurements estimated soil E and T (T = ET -E). Such mid-day measurements are good predictors of daily integrated values, and can be extrapolated across several days' activity (Huxman et al. 2004; Potts et al. 2006 ).
Statistical analysis
2009 and 2010 daily T max and T min were compared using one-way analysis of variance (ANOVA, Statistix v 8.0, Analytical Software, Tallahassee, FL), and by regressing T max against T min and comparing slopes and intercepts obtained for each year (linear regression, Statistix v.8.0). Two-way ANOVA was used to compare h 25cm between 2009 and 2010 of Lehmann's lovegrass and bush muhly plots. h 25cm data from December 13, 2008 to May 4, 2009 were compared to those from January 14 to May 24, 2010; these included 5 days prior to the first rain of each study period, and span the plant active period for each year. All h 25cm data were arcsine transformed to meet ANOVA data distribution assumptions (Zar 1974) .
Split-plot, repeated-measures ANOVA (Statistix v.8.0) was used to test for interannual differences in water and carbon gas exchange of Lehmann lovegrass and bush muhly plots. The between-treatment (wholeplot) effect was species (Lehmann lovegrass vs. bush muhly), using the species-by-replicate plot interaction as the whole-plot error term to test for differences pooled across all dates, with an associated a of 0.05. The within-treatment (sub-plot) factors were year (2009 and 2010) , and species-by-year interaction, using the species-by-year-by-replicate plot interaction as the sub-plot error term. Of specific interest were speciesby-year interactions, which would indicate speciesspecific interannual activity; a-adjusted general linear contrasts (Scheffe's F) tested specific contrasts contributing to any species-by-year interaction.
Ecosystem water-use efficiency (WUE e ) was determined by regressing GEP against ET and plant wateruse efficiency (WUE p ) by regressing GEP against T, across both species and years and comparing the slope and intercepts of each species/year combination using a F test procedure (linear regression, Statistix v.8.0). Specific pair-wise slope comparisons were made using Tukey's test (HSD), following the criteria described in Zar (1974) . Standard errors to calculate HSD were made using the pooled SS, with HSD scores needing to exceed 3.79 to be significant at p B 0.05 (Zar 1974) .
Results
December to April total rainfall was 55.2 mm in 2009 (Fig. 1a) and 154.2 mm in 2010 (Fig. 1b) . 2009 accumulations were slightly below normal (5-month SPI = -0.58), and above normal in 2010 (SPI = 1.12), the 56th and 12th ranked DecemberApril accumulations over the 73-year record. Low SPI in 2009 was due to dry March conditions (2.7 mm; 1-month SPI = -0.91) coupled with otherwise nearnormal rainfall, ranging from SPI = 0.23 for February 2009 (17.9 mm) to -0.20 for January 2009 (10.5 mm; Fig. 1a ). In 2010, December had lower than average precipitation (6.7 mm; 1-month SPI = -0.75), but the following 4 months were very wet (4-month SPI = 1.58), the 4th wettest January 1 to April 30 period in the record, with accumulations of 84.5, 37.6, 12.8, and 12.6 mm for January, February, March, and April, respectively (Fig. 1b) .
NEE did not differ between lovegrass and bush muhly plots pooled across both years (-0.8 lmol m -2 s -1 ± 0.09 SE and -1.2 lmol m -2 s -1 ± 0.11 SE for lovegrass and bush muhly, respectively), or between years pooled across species, but showed a significant species-by-time interaction (Table 1 ). This was due to more negative lovegrass NEE in 2009 (-1.2 lmol m -2 s -1 ± 0.11 SE; Fig. 1a ) compared to 2010 (-0.5 lmol m -2 s -1 ± 0.11 SE; Fig. 1b ) (Scheffe's F = 26.6; p = 0.014), a pattern not apparent in bush muhly plots (-1.0 lmol m -2 s -1 ± 0.11 SE and -1.4 lmol m -2 s -1 ± 0.17 SE for 2009 and 2010, respectively) (Scheffe's F = 1.79; p = 0.27; Fig. 1a, b) . Also, in 2010, bush muhly NEE was more negative than lovegrass NEE (Scheffe's F = 24.9; p = 0.015; Fig. 1b) , while in 2009, bush muhly NEE was similar to that in lovegrass plots (Scheffe's F = 0.27; p = 0.64; Fig. 1a) .
Springtime plant activity was delayed in 2010, reflected in the shift in NEE of both species (Fig. 1b) .
This followed colder T max and T min prevailing earlier in 2010 (Fig. 1d) . In 2009, longer interstorm intervals led to 48 days with T max exceeding 20°C (Fig. 1c) , compared to 24°C in 2010 (Fig. 1d) . However, T max (F 1,333 = 1.06; p = 0.30) and T min (F 1,133 = 0.11; p = 0.74) did not differ between the 2 years. However, linear regression showed T min was well-correlated with T max (R 2 = 0.68; F 1,133 = 695.09; p B 0.001), and that the T min :T max slope for 2009 (0.92, MSE = 11.31) was significantly lower than in 2010 (slope = 1.21, MSE = 11.23; F 1,331 = 12.75; p = 0.004; Fig. 2 ). Thus, in 2009, lowest T min were followed by highest T max and higher T min were followed by lower T max than in 2010 (Fig. 2) . (Table 1) , and were higher in bush muhly (1.3 lmol m -2 s -1 ± 0.11 SE) than in lovegrass (0.8 lmol m -2 s -1 ± 0.05 SE), with no differences between years or species-by-time interaction (Table 1) , despite upregulation in lovegrass R eco in response to late-season rain in 2010 (Fig. 3a) . Pooled across both years, bush muhly GEP (2.5 lmol m -2 s -1 ± 0.21 SE) was higher than lovegrass plot GEP (1.6 lmol m -2 s -1 ± 0.12 SE), with no significant differences in GEP between years, and a species-by-year interaction (Table 1) . This interaction was due to bush muhly having higher GEP in 2010 (2.9 lmol m -2 s -1 ± 0.34 SE) than lovegrass (1.2 lmol m -2 s -1 ± 0.14 SE; Scheffe's F = 29.0; p = 0.012), while both species had similar GEP in 2009 (Scheffe's F = 0.06; p = 0.82; Fig. 3b ). Despite higher peak GEP rates in bush muhly and lower peak GEP in lovegrass plots under El Niño conditions (Fig. 3b) , there were no significant differences in GEP in lovegrass (Scheffe's ET did not differ between species, but did differ between years, with no species-by-year interaction (Table 1) Fig. 3c ). Plant T also did not differ between species or years, but had a significant species-by-time interaction (Table 1) (Table 1) , with higher ratios in 2009 (66.2 % ± 2.84 SE and 64.9 % ± 3.54 SE for lovegrass and bush muhly, respectively) than in 2010 (42.2 % ± 4.77 SE and 57.9 % ± 5.28 SE lovegrass and bush muhly, respectively). Pooled T:ET were higher in bush muhly (61.3 % ± 3.23 SE) compared to lovegrass plots (52.4 %, ± 3.42 SE), with a species-by-time interaction (Table 1) . 2010 lovegrass T:ET ratios were lower than 2009 levels (Scheffe's F = 28.7; p = 0.01), and were lower than 2010 bush muhly T:ET (Scheffe's F = 12.9; p = 0.04; Fig. 4 ). There were no differences in bush muhly ratios between 2009 and 2010 (Scheffe's F = 2.5; p = 0.21).
GEP had a significant relationship with ET (WUE e : GEP = 1.07 ? 1.96 * ET ± 0.44 SE; R 2 = 0.17; F 1,102 = 20.23; p B 0.01), as did T (WUE p : GEP = 0.49 ? 5.72 * T ± 0.42 SE; R 2 = 0.65; F 1,97 = 179.6; p B 0.01), with differences between the four species/year combinations for WUE e (F 3,79 = 65.6; p B 0.05) and WUE p (F 3,79 = 423.3; p B 0.05). Lovegrass plot WUE e decreased from 2009 (1.88 lmol mmol -1 ) to near-zero in 2010 (0.035 lmol mmol -1 ; Tukey's HSD = 11.9; Fig. 5a ), but did not change in bush muhly plots (3.23 lmol mmol -1 and 3.77 lmol mmol ; HSD = 5.2; Fig. 5d ). In addition, WUE p of lovegrass plots were lower than bush muhly in 2009 (HSD = 4.32) and 2010 (HSD = 5.2; Fig. 5b, d ).
Discussion
Our results showed Lehmann's lovegrass is not better at using cool-season precipitation compared to the native grass, bush muhly; in fact, lovegrass performance was particularly poor following El Niño-enhanced winter precipitation (Fig. 1b) . These results suggest the higher productivity considered an important contribution to the invasive success of this grass is not due to more effective use of cool-season precipitation, as has been conjectured (Anable et al. 1992; Frasier and Cox 1994; McClaran 2003; Geiger and McPherson 2005 ) is most probably attained in the summer monsoon-season. The low GEP and R eco of lovegrass in 2010 (Fig. 3) may have resulted from long-term inhibition of leaf-level photosynthetic or respiratory function following the colder maximum temperatures (Smith et al. 1997; Atkin and Tjoelker 2003) that occurred more frequently following similar T min in 2010 (Fig. 2) . In addition, leaf and tiller mortality following cold winter conditions, documented in biomass partitioning studies of Lehmann's lovegrass stands (Cox et al. 1990) , may have affected photosynthetic and aboveground respiratory fluxes (Flanagan et al. 2002; Flanagan and Johnson 2005) . Such aboveground adjustments have concurrent belowground changes (Fernandez and Reynolds 2000) , which could lower total root respiration, a dominant component in soil respiration in grassland systems (Knapp et al. 1998; Flanagan et al. 2002) . Lower R eco in Lehmann lovegrass plots may also reflect lower heterotrophic respiration; lovegrass stands produce less litter (Cox et al. 1990; Yepez et al. 2005) , which could limit substrate availability to heterotrophic activity important to aridland respiratory fluxes (Sponseller 2007; Jenerette et al. 2008) . Following high precipitation in 2010 (Fig. 1b) , ET was similar between bush muhly and Lehmann's lovegrass plots (Fig. 4) , but not due to higher T contributions, contrary to expectations of Frasier and Cox (1994) . Lower h 25cm under bush muhly was also noted in the summer monsoon (Hamerlynck et al. 2010) , and may indicate lower water extraction by the invasive grass, contrary to patterns in water-use comparing invasive and native bunchgrasses in cold desert systems (Anderson et al. 1987; Anderson and Toft 1993) . However, despite locating our site on a distinct geomorphic surface to limit soil heterogeneity, the lack of convergent h 25cm during prolonged dry periods in our study (Fig. 1e, f) suggests that, even though soils under these plants have similar h and soil water potential relationships (Hamerlynck et al. 2010 (Hamerlynck et al. , 2011 , there may be differences in soil bulk density that could affect h 25cm obtained using TDR (Jacobsen and Schjønning 1993) that drove these differences, and not plant water use.
Similar to GEP, the lower T:ET in lovegrass plots may reflect stomatal limitations concurrent with physiological down-regulation (Smith et al. 1997; Taub 2000; Atkin and Tjoelker 2003) , or reductions in live biomass (Cox et al. 1990 ). However, reductions in lovegrass T from 2009 to 2010 were modest (Fig. 4) , suggesting that similar ET between lovegrass plots with bush muhly plots was sustained by higher soil E (Fig. 5) . This is consistent with warm-season chamber-and lysimeter-based studies showing greater soil E contributions to ET under lovegrass dominance, which have been attributed to lower litter accumulation (Huxman et al. 2004; Yepez et al. 2005 ) and lower plant T (Moran et al. 2009 ). These differences have distinct impact on differences seen in water-use efficiency. In lovegrass, high ET at low T and GEP drove a large drop in WUE e compared to 2009 levels, despite small differences in whole-plant water-use efficiency (WUE p ) between the 2 years ( Fig. 5a, b) . In contrast, WUE e in bush muhly plots was constant from year to year (Fig. 5c ), while WUE p increased from 2009 to 2010, concurrent with higher GEP and T (Fig. 3b, d ). Thus, soil E drove the divergence in WUE e in lovegrass, and convergence in WUE e in bush muhly plots. These findings suggest cool-season WUE e and productivity is likely to show greater interannual variation in lovegrass-dominated areas, but also highlights the importance of soil contributions to overall ecosystem WUE, which integrates leaf-and stand-level processes, and is considered an important metric of ecosystem stability and resilience to environmental variation (Monson et al. 2010) . Warmer cool-season temperatures predicted for the western US (Easterling et al. 2000a (Easterling et al. , 2000b Mote et al. 2005; Christensen and Hewitson 2007; Seager et al. 2007 ) may relax the cool-season constraints apparent to Lehmann lovegrass activity, facilitating the spread of this exotic grass across broader ranges of latitude and elevation (Geiger et al. 2003; Geiger and McPherson 2005) . This could especially be true if T max and T min regimes similar to 2009 (Fig. 2) were to accompany ENSO-enhanced rains. However, future ENSO may also result in temperature regimes similar to 2010 with lower T max at low T min (Fig. 2) which could favor native grasses such as bush muhly that respond well to ENSO-enhanced precipitation. In addition, it should be noted the maximum cool-season NEE, GEP, and R eco of bush muhly and Lehmann's lovegrass are one-quarter to one-third of levels attained during the summer monsoon (Huxman et al. 2004; Potts et al. 2006; Hamerlynck et al. 2010 ). This suggests cool-season carbon uptake, even following a strong ENSO year like 2010, is not overly important to annual carbon balance in semiarid grasslands, as suggested in biomass-based studies (Cox et al. 1990; Muldavin et al. 2008) . However, augmenting coolseason water can dramatically increase subsequent monsoon-season growth and cover of warm-season grasses (Robertson et al. 2010) , which suggest coolseason rain could modulate increased productivity observed under experimentally induced warmer and wetter monsoon conditions (Patrick et al. 2007; Collins et al. 2010) .
Deeper soil moisture recharge is principally attained during the cool-season, and frequently enhanced under ENSO conditions (Cable 1980; Seyfried et al. 2005; Huxman et al. 2005; Holmgren et al. 2006) , which could reduce the severity and length of the prolonged dry period that typically occurs between cool-and warm-season growing periods (Neilson 1987) . This has been observed in field experiments simulating larger, more widely spaced storms, which increased semiarid grassland productivity by reducing stress during interstorm periods (Heisler-White et al. 2008 or extended warm-season activity into the fall (Patrick et al. 2007 ). Thus, ENSO conditions could favor higher productivity of native grasses like bush muhly that might be better ''primed'' for the monsoon, offsetting the strong monsoon-season NEE responses observed in Lehmann's lovegrass (Hamerlynck et al. 2010) .
The magnitude of change in the relative fractions of E and T to ET, especially under conditions of higher water availability (Fig. 4) , and subsequent changes in WUE e (Fig. 5a,c) represents a fundamental shift in ecosystem function usually associated with dramatic changes in vegetative structure, such as woody plant encroachment into grassland systems, which increase E , or replacement of shrubs with annual grasses, which can increase T contributions (Prater and DeLucia 2006 ; though see Kurc and Small 2003) . As Prater and DeLucia (2006) noted, such changes in energy partitioning can alter ecosystem processes such as litter turnover, nutrient cycling (Chen and Stark 2000; Ogle et al. 2004) , and soil surface and groundwater dynamics Prater and DeLucia 2006) . Indeed, it may be that reductions in biotic diversity associated with Lehmann's lovegrass dominance (Bock et al. 1986; Flanders et al. 2006 ) reflect the cumulative ecological effects of the shifts in controls to ET and coupled carbon dynamics noted in warm-season (Huxman et al. 2004; Yepez et al. 2005; Moran et al. 2009 ) and this cool-season study.
